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FOREWORD 


The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  is  a  Department  of 
Defense  Facility,  established  to  provide  advice  and  assistance  on  electromagnetic 
compatibility  matters  to  the  Secretary  of  Defense,  the  Joint  Chiefs  of  Staff,  the  military 
departments  and  other  DOD  components.  The  Center,  located  at  North  Severn,  Annapolis, 
Maryland  21402,  is  under  executive  control  of  the  Director  of  Defense  Research  and 
Engineering  and  the  Chairman,  Joint  Chiefs  of  Staff  or  their  designees  who  jointly  provide 
policy  guidance,  assign  projects,  and  establish  project  priorities.  ECAC  functions  under  the 
direction  of  the  Secretary  of  the  Air  Force  and  the  management  and  technical  direction  of 
the  Center  are  provided  by  military  and  civil  service  personnel.  The  technical  operations 
function  is  provided  through  an  Air  Force  sponsored  contract  with  the  NT  Research 
Institute  (IITRI). 

This  report  was  prepared  as  part  of  AF  Project  649E  under  Contract 
F-19628-70-C-0291  by  the  staff  of  the  NT  Research  Institute  at  the  Department  of  Defense 
Electromagnetic  Compatibility  Analysis  Center. 

To  the  extent  possible,  all  abbreviations  and  symbols  used  in  this  report  are  taken  from 
American  Standard  Y10.19  (1967)  "Units  Used  in  Electrical  Science  and  Electrical 
Engineering"  issued  by  the  United  States  of  America  Standards  Institute. 

The  cooperation  of  FAA  staff  members,  in  particular,  Mr.  R.  Johnson  of  the  Spectrum 
Plans  and  Programs  Branch,  was  essential  to  the  performance  of  this  study. 

Users  of  this  report  are  invited  to  submit  comments  which  would  be  useful  in  revising 
or  adding  to  this  material  to  the  Director,  ECAC,  North  Severn,  Annapolis,  Maryland 
21402,  Attention  ACV. 


Reviewed  by: 


B.  H.  METZGER 
Project  Engineer 


Approved: 


M.  A.  SKEATH 
Special  Projects 
Deputy  Director 
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ABSTRACT 

As  an  aid  to  spectrum  planning,  estimates  of  the  minimum  channel  requirements  for 
the  Instrument  Landing  System  localizer  are  obtained  for  the  1970-1975  time  period. 
Several  alternatives  in  antenna  systems,  service  volumes,  assignment  criteria  and  operational 
procedures  are  considered  with  respect  to  their  possible  impact  on  channel  requirements. 
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SECTION  1 
INTRODUCTION 


The  Instrument  Landing  System  (ILS)  provides  low-altitude  approach  radionavigation 
service  to  aircraft  landing  at  air  terminals.  In  1975,  according  to  Federal  Aviation 
Administration  (FAA)  projections,  the  number  of  ILS  facilities  at  air  terminals  in  the 
continental  United  States  and  near-by  parts  of  Canada  and  Mexico  will  be  more  than  double 
the  number  currently  installed.  From  the  spectrum  management  point  of  view,  with  only  20 
channels  in  the  108-112  MHz  frequency  band  allocated  for  ILS  localizer  assignments,  the 
projected  growth  in  the  number  of  ILS  facilities  raises  the  question  of  the  inadequacy  of  the 
present  allocation  of  channels  for  ILS  service  to  accommodate  future  needs.  The  objective 
of  this  analysis  is  to  obtain  estimates  of  the  minimum  channel  requirements  for  ILS  facilities 
in  the  1970  to  1975  time  period,  thereby  providing  a  basis  for  determining  both  the 
necessity  and  timing  for  implementing  appropriate  measures  to  cope  with  the  impending 
spectrum  congestion. 

In  estimating  the  minimum  channel  requirements,  the  two  primary  factors  to  be 
considered  are  (1)  the  total  ILS  implementation  and  (2)  the  co-channel  assignment 
constraints.  A  specification  of  the  current  and  projected  ILS  facilities,  including  locations 
and  orientations,  in  the  1970  to  1975  time  period  was  provided  by  the  FAA  for  the 
purposes  of  this  study.  The  co-channel  assignment  constraints  for  ILS  facilities  depend  on 
several  factors:  service  volumes,  antenna  systems,  airport  operational  procedures  and  the 
assignment  criteria.  Alternatives  in  each  of  these  factors  are  considered.  Details  on  the  ILS 
complexes  and  channel  assignment  constraints  employed  in  this  study  are  set  forth  in 
SECTION  2.  The  results  of  the  study,  which  consists  of  estimates  of  the  minimum  ILS 
channel  requirements,  are  also  presented  in  SECTION  2. 
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SECTION  2 

RESULTS  AND  ANALYSIS 


SUMMARY  OF  RESULTS 

The  primary  results  of  this  study  are  summarized  in  TABLE  2-1.  Estimates  of  the 
minimum  number  of  distinct  channels  are  provided  for  the  current  (1970)  I LS  complex  and 
for  three  possible  future  ILS  complexes.  For  each  complex,  the  minimum  channel 
requirements  are  estimated  for  co-channel  assignment  constraints  derived  from  alternative 
possibilities  in  the  antenna  system  employed  for  the  ILS  localizer,  the  service  volume 
provided  by  the  ILS  for  approaching  aircraft,  and  the  assignment  criteria  employed  to 
protect  the  ILS  signal  within  its  service  volume.  In  addition,  two  alternatives  in  airport 
operational  procedure  are  considered.  In  the  first  case,  I  LS  facilities  on  the  same  runway  but 
serving  opposite  approach  directions  are  required  to  operate  on  different  channels.  The 
minimum  channel  requirements,  if  this  condition  is  imposed,  are  given  by  the  upper  number 
of  each  entry  in  the  table.  If  co-channel  operation  for  such  facilities  is  permitted,  then  the 
minimum  channel  requirements  are  indicated  by  the  lower  number  of  each  entry  in  the 
table.  Details  for  each  of  the  factors  on  which  these  estimates  of  minimum  channel 
requirements  depend  are  discussed  in  the  following  subsections. 

AIR  TERMINAL  COMPLEXES 

Four  air  terminal  complexes  and  their  associated  ILS  facilities,  located  in  the 
continental  United  States  and  nearby  parts  of  Canada  and  Mexico,  are  considered  for  the 
1970  to  1975  time  period.  These  are  the  current  1970  ILS  implementation  and  the 
projected  ILS  implementations  for  the  years  1973  and  1975.  The  fourth  ILS  complex 
considered  consists  of  the  1975  complex  with  the  addition  of  ILS  facilities  for  eighteen 
high-capacity  air  terminals,  or  so-called  superports,  which  may  be  realized  by  1975.  The 
specification  of  the  numbers,  locations  and  orientations  of  the  I  LS  facilities  in  each  case  was 
provided  by  the  FAA  for  the  purposes  of  this  study  and  were  drawn  from  their  planning 
documents  on  future  requirements  for  I  LS  service  at  air  terminals.  A  complete  listing  of  the 
ILS  complex  is  given  in  Appendix  I. 

The  number  of  air  terminals,  runways  and  ILS  facilities  in  each  complex  is  given  in 
TABLE  2-1.  It  should  be  noted  that  while  the  number  of  ILS  facilities  more  than  doubles 
from  1970  to  1975,  the  number  of  ILS  equipped  runways  increases  by  only  about  fifty 
percent,  so  that  a  significant  part  of  the  increase  in  ILS  facilities  consists  of  providing  an 

additional  ILS  facility  for  a  runway  already  equipped  for  one-way  service.  This  fact 
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accounts  for  the  relatively  significant  reduction  in  the  1975  ILS  complex  channel 
requirements  when  opposing  I LS  facilities  on  the  same  runway  are  permitted  to  operate 
co-channel  as  compared  with  the  case  of  requiring  different  channels. 

Considerable  uncertainty  surrounds  the  location  and  orientation,  not  to  mention  the 
possible  realization,  of  the  superports  and  their  associated  ILS  facilities.  The  1975  complex 
with  superport  facilities  is  included  here,  however,  to  estimate  the  impact  on  the  ILS 
channel  requirements  in  the  event  such  high-capacity  air  terminals  are  implemented.  The 
unexpectedly  high  estimate  of  a  minimum  of  50  channels  (see  TABLE  2-1)  required  for  this 
air  terminal  complex  is,  in  part,  due  to  the  superports  at  Baltimore,  Washington  (Dulles)  and 
Philadelphia.  Under  the  indicated  co-channel  assignment  constraints  and  the  particular 
runway  orientations  selected,  each  of  the  36  ILS  facilities  at  these  three  superports  would 
require  a  distinct  channel. 


CO-CHANNEL  ASSIGNMENT  CONSTRAINTS 

The  co-channel  assignment  constraints  applicable  to  ILS  facilities  are  primarily 
determined  by  three  factors:  (1)  the  antenna  system  used  for  the  ILS  localizer,  (2)  the 
service  volume  over  which  the  ILS  signal  must  be  protected,  and  (3)  the  assignment  criteria 
employed  to  provide  the  necessary  level  of  signal  protection  from  other  potentially 
interfering  co-channel  ILS  facilities. 

Two  antenna  systems  are  considered:  the  8-loop  antenna  system  and  the  more 
directional  V-ring  antenna  system.  Both  are  in  current  use  for  ILS  operations,  however,  only 
a  very  few  V-rings  have  been  implemented.  Although  designed  primarily  to  combat 
multipath  propagation  problems,  the  directional  properties  of  the  V-ring  do  have  some 
influence  on  the  co-channel  assignment  constraints  and  hence,  on  the  channel  requirements 
for  the  ILS  complex.  To  see  this  effect,  two  cases  were  considered  in  evaluating  the 
minimum  channel  requirements  for  each  of  the  ILS  complexes.  In  the  first  case,  all  ILS 
facilities  are  considered  to  employ  8-loop  antennas  exclusively,  and  in  the  second  case, 
V-ring  antennas  are  employed  exclusively.  From  TABLE  2-1,  it  appears  that  the  directivity 
of  the  V-ring  antenna  system  resulted  in  some  reduction  of  channel  requirements  over  the 
8-loop  antenna  for  comparable  service  volumes  and  assignment  criteria. 

The  next  factor  affecting  the  co-channel  assignment  constraints  is  the  service  volume. 
Two  cases  are  considered.  In  the  first  case,  referred  to  as  the  standard  service  volume,  the 
ILS  provides  service  for  distances  out  to  25  nautical  miles  (nmi)  along  the  centerline  of  the 
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runway  in  the  approach  direction  and  for  altitudes  to  6250  feet.  In  the  second  case,  referred 
to  as  the  reduced  service  volume,  the  distances  and  altitudes  are  reduced  to  18  nmi  and 
4500  feet,  respectively.  In  each  case,  the  ILS  must  also  provide  similar  service  in  the 
opposite  direction  for  missed  or  aborted  approaches  and  for  backcourse  approaches.  The 
reduced  service  volume  is  now  under  consideration  for  adoption  by  the  FAA  to  replace  the 
standard  service  volume.  As  reflected  in  TABLE  2-1,  the  reduced  service  volume,  if  adopted, 
will  significantly  reduce  the  channel  requirements  for  the  future  I LS  complex. 

The  third  factor  influencing  the  co-channel  assignment  constraints  is  the  assignment 
criteria,  i.e.,  the  level  of  protection  afforded  an  ILS  signal  within  its  service  volume  from 
potential  interfering  co-channel  sources.  Three  sets  of  assignment  criteria  are  considered. 
The  first  case  represents  current  FAA  practice  in  assigning  channels  to  ILS  facilities  with 
standard  service  volumes  (Reference  1).  In  this  case,  signal-to-interference  ratio  (SIR) 
predictions  originally  derived  for  VOR  systems  are  employed  to  determine  the  minimum 
distance  separation  between  the  aircraft  receiver  at  the  extremes  of  the  service  volume  of 
one  ILS  facility  and  the  transmitter  location  of  another  potentially  interfering  co-channel 
ILS  facility  so  as  to  maintain  a  SIR  of  at  least  20  dB  with  95%  reliability  (i.e.,  95%  of  the 
time).  In  TABLE  2-1,  the  top  line  of  entries  indicates  the  minimum  channel  requirements  if 
this  criterion  is  continued  to  be  used  in  the  future.  The  remaining  two  assignment  criteria 
also  employ  20dB  of  signal  protection  at  95%  reliability,  but  in  addition  allow  for  a  3  dB  drop 
in  transmitter  power  for  the  desired  ILS  signal.  In  these  cases,  estimates  of  channel 
requirements  are  obtained  for  both  the  VOR  SIR  predictions,  in  the  event  these  are 
continued  in  use,  and  for  the  more  recently  proposed  ILS  SIR  predictions  (Reference  2). 

An  adjustment  was  made  to  the  data  for  ILS  SIR  predictions  in  Reference  2  by  adding 
3  dB  to  the  ILS  aircraft  receiver  antenna  gain  for  the  desired  signal.  This  was  necessary  to 
overcome  the  apparent  3  dB  discrimination  in  favor  of  an  interfering  signal  implicit  in  the 
antenna  statistics  employed  in  Reference  2.  The  adjustment  was  not  necessary  when  using 
the  VOR  SIR  prediction  data  criteria.  The  newly  proposed  ILS  assignment  criteria  require 
greater  distance  separations  between  potentially  interfering  co-channel  ILS  facilities  than 
currently  employed  criteria  and  are  reflected  in  the  higher  channel  requirements  indicated  in 
TABLE  2-1. 

The  composite  of  the  three  factors  (antenna  system,  service  volume  and  assignment 
criteria)  considered  above  yields  the  co-channel  assignment  constraints  in  terms  of  the 
minimum  distance  separation  between  the  aircraft  receiver  at  the  extremes  of  the  service 
volume  of  the  desired  ILS  and  the  location  of  each  potentially  interfering  co-channel  ILS 
facility.  For  the  directional  antennas  employed  by  ILS  facilities,  minimum  co-channel 
distance  separation  depends  on  the  relative  orientations  of  the  antennas  as  indicated  by  the 
following  diagram. 
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In  this  diagram,  the  signal  from  the  desired  ILS  must  be  protected  at  a  point  25  nmi.  (18 
nmi.  for  the  reduced  service  volume)  in  the  forward  or  front  course  direction  (indicated  by 
the  solid  line)  and  for  the  same  distance  on  the  back  course  (dotted  line).  The  power  from 
the  interfering  ILS  in  the  direction  of  these  critical  points  depends  on  the  angles  a  and  (J. 
The  minimum  separation  distance  for  cochannel  operation  depends  on  these  angles  as 
indicated  in  TABLE  2-2.  The  antenna  patterns  are  assumed  to  be  symmetric  about  the 
runway  centerline. 

In  addition  to  the  above  factors  (antenna  system,  service  volume  and  assignment 
criteria),  airport  operational  procedures  also  affect  the  co-channel  assignment  constraints. 
Two  cases  are  considered:  (1)  two  I LS  facilities  on  the  same  runway,  but  serving  opposite 
approach  directions,  are  required  to  operate  on  different  channels,  and  (2)  two  such  ILS 
facilities  are  permitted  to  operate  co-channel.  ILS  facilities  at  a  common  airport  but  on 
different  runways  are  always  assumed  to  require  different  channels  in  this  study.  Since 
approximately  half  the  runways,  as  specified  for  this  study,  have  two  ILS  facilities,  the 
impact  on  minimum  channel  requirements  of  this  operational  constraint  is  considerable  as 
indicated  in  TABLE  2-1. 

ESTIMATES  OF  CHANNEL  REQUIREMENTS 

The  analytical  procedure  employed  in  estimating  channel  requirements  is  based  on 
graph  theoretic  concepts.  In  particular,  the  classical  node-coloring  problem  of  graph  theory 
and  the  notion  of  chromatic  numbers  are  related  to  the  problem  of  determining  the 
minimum  number  of  distinct  channels  required  for  a  system  under  a  given  set  of  constraints. 
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This  method  of  analysis,  including  the  basic  node-coloring  algorithms,  is  discussed  in  detail 
in  Reference  3. 

It  should  be  emphasized  that  the  estimates  obtained  in  this  study  are  minimum  channel 
requirements  under  the  specified  conditions.  Departures  from  these  estimates  may  be 
expected  due  to  uncertainties  in  specifying  the  future  airport/runway  complex,  special 
operational  requirements,  terrain,  propagation  anomalies,  etc.  Furthermore,  an  optimal 
assignment  to  an  evolving  airport  complex  may  imply  substantial  revision  to  the  existing 
assignments  from  time  to  time  as  new  ILS  facilities  are  introduced.  To  minimize  the  need  to 
revise  assignments,  an  excess  of  channels,  perhaps  10  to  20  percent,  might  be  necessary. 
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TABLE  2-1 

ILS CHANNEL  REQUIREMENTS 


Co-channel  Assignment  Constraints 

Minimum  ILS  Channel  Requirements 

1970  ILS  Complex 

1973  ILS  Complex 

1975  ILS  Complex 

1975  ILS  Complex  • 

373  Air  Terminals 

476  Air  Terminals 

527  Air  Terminals 

535  Air  Terminals 

Antenna 

Sarvlee 

Assignment 

433  Runways 

551  Runways 

644  Runways 

708  Runways 

Type 

Volume 

Criteria 

456  ILS  Facilities 

589  ILS  Facilities 

933  ILS  Facilities 

1133  ILS  Facilities 

Standard  t 

VOR  $ 

18  § 

24 

32 

£1 

14 

18 

22 

25 

Standard 

VOR 

22 

25 

33 

42 

All  ILS 

Facilities 

Employ 

15 

19 

23 

26 

Reduced 

VOR 

17 

23 

27 

36 

8-Loop 

Antenna 

13 

16 

18 

21 

Standard 

Proposed 

21 

27 

35 

50 

ILS 

Tj 

20 

24 

28 

Reduced 

Proposed 

18 

23 

31 

40 

ILS 

14 

17 

21 

24 

All  ILS 

Standard 

Proposed 

20 

27 

33 

42 

Facilities 

ILS 

16 

20 

23 

27 

Employ 

V-RIng 

Reduced 

Proposed 

18 

23 

28 

37 

Antenna 

iLS 

14 

17 

19 

22 

Notes:  *  Include*  I LS  facilities  for  eighteen  superports. 

t  Standard  service  volume  is  for  distances  of  25  nml  and  altitudes  to  6250  feet. 

Reduced  service  volume  is  for  distances  of  18  nml  and  altitudes  of  4500  feet. 

|  Represents  current  FAA  assignment  criteria. 

All  other  criteria  provide  for  possible  3  dB  drop  In  desired  signal  transmitter  power. 

§  Upper  number  applies  if  two  ILS  facilities  on  the  same  runway  must  operate  on  different  channels;  lower 
number  appiles  If  co-channel  operation  Is  permitted. 
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TABLE  2-2 

MINIMUM  DISTANCE  SEPARATION  FOR  CO-CHANNEL  ILS  FACILITIES 


Notes: 

t  Standard  service  volume  is  for  distances  of  25  nml  and  altitudes  to  6250  feet. 

Reduced  service  volume  is  for  distances  of  18  nml  and  altitudes  of  4500  feet. 

%  Represents  current  FAA  assignment  criteria. 

All  other  criteria  provide  for  possible  3  dB  drop  in  desired  signal  transmitter  power. 
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APPENDIX  I 

AIRPORT/RUNWAY/I LS  DATA 


TABLE  1-1  contains  a  list  of  ILS  facilities  included  in  this  study.  The  table  indicates 
the  following  information: 

1.  Airport  Identifier  —  airport  code  name  assigned  by  the  FAA. 

2.  Latitude. 

3.  Longitude. 

4.  Not  used  in  this  study. 

5.  Runway  Direction  —  primary  landing  direction  for  the  runway;  e.g.,  24L  means 
the  landing  direction  is  approximately  240°  magnetic,  the  L  indicates  the  left 
runway. 

6.  Runway  Magnetic  Bearing. 

7.  ILS  Implementation  —  for  the  primary  direction,  3  indicates  facility  will  be 
operating  in  1973,  5  indicates  superport  facility,  blank  indicates  facility  will  be 
operating  in  1975. 

8.  ILS  Station  Identifier  —  station  code  name  assigned  by  FAA  for  the  primary 
runway  direction  (if  implemented). 

9.  ILS  Status  —  for  the  primary  direction,  I  indicates  currently  installed;  P  indicates 
proposed  facility;  blank  indicates  no  facility  planned. 

10.  ILS  Antenna  Type  —  V  indicates  V-ring;  blank  indicates  8-loop  (if  implemented). 

11.  ILS  Implementation  —  for  the  opposing  ILS  (if  any). 

12.  ILS  Station  Identifier  —  for  the  opposing  ILS  station  on  the  runway  (if 
implemented). 

13.  ILS  Status  —  for  the  opposing  I  LS. 

14.  ILS  Antenna  Type  -  for  the  opposing  I  LS. 

15.  Frequency  —  current  assignment  for  ILS  in  the  primary  direction  (e.g., 
1085-  108.5  MHz). 

16.  Frequency  —  current  assignment  for  the  opposing  direction  (if  implemented). 

17.  Location. 
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TABLE  1-1  (Sheet  1  of  13) 
ILS  FACILITY  DATA 
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(  Iff 

12  13  14 

10 
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r 

If 

( 

1 

<  II 
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( 

ABL 

403936 

0752544 

06 

061 

3 

AHLI 

P 

1107 

ALLENTOWN  BE  PA 
ABILENE  TEX 

AB1 

322556 

0994104 

35L 

350 

3 

ARI I 

P 

1103 

ABU 

360340 

1063637 

35 

350 

3 

ARQI 

1103 

albuqueroue  nm 

ABO 

350340 

1063637 

OB 

080 

P 

alhuquerquf  nm 

AUK 

452700 

962500 

12 

120 

AHRP  3 

P 

ABERDEEN  MJ  SO 

ahy 

313200 

0841200 

04 

040 

3 

P 

P 

ABERDEEN  Ml)  SD 

ACK 

411450 

0700421 

24 

240 

3 

ACKI 

P 

1091 

NANTUCKET  MASS 

ACT 

313606 

0971349 

IB 

165 

3 

ACTI 

P 

1097 

WACO  MUNI  TEX 

ACV 

405913 

1240643 

31 

314 

3 

ACVI 

P 

1095 

ARCATA  CAL 

ACT 

392700 

0743326 

13 

126 

3 

ACYIV 

1105 

ATLANTIC  CTY  NJ 

ADM 

341600 

0970100 

30 

300 

3 

P 

ARDMORE  OKLA 

AO* 

364937 

07o52lb 

OIL 

007 

3 

RWSI  3 

MXKI 

1105 

tl  5 

ANDREWS  AFr  MQ 

AGC 

402114 

0795625 

27 

275 

3 

AGC  I 

1091 

PITTS  PA  ALEG 

AGS 

33223b 

0815810 

35 

349 

3 

AGSXV 

P 

1105 

AUGUSTA  GEO 

AKR 

410154 

0812655 

25 

246 

3 

AKRI 

1109 

AKRON  OHIO 

ALB 

424404 

0734817 

19 

191 

3 

ALBI 

P 

1095 

ALBANY  NY 

ALU 

423306 

0922315 

12 

122 

3 

ALOI 

P 

1099 

WATERLOO  IOWA 

AL* 

460600 

1161700 

02 

020 

P  3 

P 

WALA  WALA  WASH 

AMm 

351405 

1014141 

03 

035 

3 

AMAI 

P 

1103 

AMARILLO  TEX 

ANb 

333500 

0855100 

05 

053 

3 

P 

ANNISTON  ALA 

apn 

450500 

0833400 

IB 

ISO 

APNP 

P 

ALPENA  MICH 

akt 

435900 

07uOlOo 

06 

060 

3 

ARTP 

P 

WATERTOWN  NT 

ATL 

333919 

0842610 

33 

329 

3 

AZAI 

1093 

ATLANTA  GEO 

AT*. 

333646 

0842440 

09l 

089 

3 

ATLI 

P 

1099 

ATLANTA  GEO 

ATL 

333605 

0842426 

09R 

089 

3 

ALRI  3 

P 

1105 

ATLANTA  GEO 

ATT 

445500 

0970900 

17 

170 

3 

ATYP 

P 

WATERTN  mun  sd 

AUS 

301624 

0974238 

30L 

305 

3 

ausi 

P 

1095 

AUSTIN  MUEL  TEX 

AVL 

352636 

062324b 

34 

341 

3 

AVL  IV 

1105 

ASHVILLE  NC 

AVP 

412041 

0754302 

04 

043 

3 

AVPI 

P 

1099 

WILKES  BARRE  PA 

ATS 

311609 

0823324 

18 

160 

aysp 

P 

WAYCROSS  GEO 

AZO 

421435 

0853306 

35 

352 

3 

azoi 

P 

1109 

KALAMAZOO  MICH 

BAu 

390631 

1212533 

14 

144 

3 

BABI 

1095 

BEALE  AFB  CaLI 

BAD 

323112 

0934027 

32 

324 

3 

BADI 

1099 

SHREVEPORT  LOU 

BAL 

390939 

0763934 

15 

150 

3 

FNDI 

P 

1117 

BALTIMORE  MD 

BAL 

391021 

0763909 

AlOL 

102 

3 

BALI 

P 

1097 

BALT  FRIEND  MD 

BAL 

391021 

0763909 

AllL 

102 

5 

P  5 

P 

BALT  FRIEND  MO 

BAL 

391021 

0763909 

AllR 

102 

5 

P  5 

P 

BALT  FRIEND  MD 

BAL 

391021 

0763909 

AlOR 

102 

5 

P  5 

P 

BALT  FRIEND  MD 

BAL 

391021 

0763909 

AlOC 

102 

5 

P  5 

P 

BALT  FRIEND  MD 

BDl 

415711 

0724011 

06 

058 

3 

BDL  IV 

P 

1103 

winsor  lks  conn 

BDL 

415711 

0724011 

15 

150 

P 

P 

WINSOR  LKS  CONN 

BDH 

411000 

0730800 

24 

240 

3 

BORP 

BRI8P0RT  CONN 

BED 

422808 

0711610 

11 

112 

3 

BEOI 

1095 

BEOFORO  MASS 

BEH 

420740 

06b26l5 

27 

270 

3 

behiv 

1085 

BENTON  HBR  MICH 

BFJ 

414837 

0783903 

32 

322 

3 

BFDI 

P 

1083 

BRADFORD  PA 

bFF 

416300 

1033600 

12 

120 

BFFP  3 

P 

SCOTT  BLF  NEB 

BFI 

473054 

1221710 

13R 

128 

3 

bfiiv 

1109 

SEATTLE  BOEING 

BFL 

352625 

1190346 

30R 

299 

3 

BFLI 

P 

1099 

BAKERSFIELD  CAL 

faFT 

413036 

0814137 

24R 

242 

3 

hftiv 

P 

CLEVE  LF  OHIO 

BGM 

421301 

0755907 

34 

338 

3 

ttMYI 

P 

1103 

BINGHAMTON  NY 

BGK 

444913 

0665050 

33 

334 

3 

DAFI 

P 

1193 

BANGOR  DOWAF  ME 

BGS 

321147 

1013106 

17L 

170 

3 

UGSI 

1101 

BIG  SPRING  TEX 

BH 

333417 

0864433 

05 

052 

3 

HUM  IV 

P 

1103 

BIRMINGHAM  ALA 

BIL 

454602 

1063037 

09 

095 

3 

HILI 

P 

1103 

BILLINGS  LN  MON 

BIS 

464710 

1004551 

31 

306 

3 

HISI 

P 

BISMARCK  NO 

BIX 

302400 

0805300 

05 

050 

3 

X03I 

1033 

BILOXI  MISS 

BJC 

395400 

1050700 

29 

290 

P 

BROOMFIELP  COL 
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BK* 

374700 

0610800 

10 

100 

3 

p 

P 

BECKLEY  RALYmVA 

BLF 

371600 

0811200 

zz 

220 

3 

p 

BLUEFIELD  WVa 

BLn 

333700 

1144354 

Zb 

260 

3 

BLHI 

1089 

BLYTHE  CAL 

BLV 

303300 

0895100 

31 

312 

3 

BLVI 

1099 

SCOTT  AFB  ILL 

BMo 

390838 

08o3647 

17 

170 

3 

BMGP 

P 

BLOOMTN  1ND 

BMI 

402900 

0885600 

11 

110 

3 

bmip 

P 

BLOOMINGTON  ILL 

BNA 

360823 

0Bb4040 

02L 

016 

3 

BNA  I 

P 

1099 

NASHVILLE  TENN 

BNA 

360823 

0864040 

31 

310 

P 

NASHVILLE  TENN 

BOI 

433335 

1161220 

10L 

096 

3 

BOII 

P 

1099 

boise  Idaho 

BOS 

422256 

0705950 

AOAC 

035 

5 

P  5 

P 

BOSTON  LGN  NASS 

BOS 

422256 

0705950 

AO%L 

035 

5 

P  5 

P 

BOSTON  LGN  NASS 

BOS 

422256 

0705950 

A03R 

035 

5 

P  5 

P 

BOSTON  LGN  NASS 

BOS 

422256 

0705950 

A03L 

035 

5 

P  5 

P 

BOSTON  L6N  NASS 

BOS 

422216 

0710052 

33 

330 

3 

LIPI  3 

P 

1107 

BOSTON  LON  NASS 

BOS 

422256 

0705950 

OAR 

035 

3 

BOSIV3 

P 

1103 

BOSTON  LGN  NASS 

BPT 

295639 

0940024 

11 

11* 

3 

BPTI 

P 

10*5 

BEAUMONT  JE  TEX 

BRL 

404700 

0910700 

16 

160 

BRLP  3 

P 

BURLINGTON  IOWA 

BRO 

255347 

0972446 

13R 

127 

3 

BRO  I 

P 

1103 

BROWNSVILLE  TEX 

BSM 

301302 

0974045 

35 

350 

3 

BSMI 

1103 

AUSTIN  AFB  TEX 

BTL 

421754 

0851546 

ZZ 

22* 

3 

BTLI 

P 

1105 

BATTLE  CREEK  NC 

BTR 

303130 

0910831 

13 

127 

3 

BTRI 

P 

1103 

BATON  ROUGE  LOU 

BTV 

442753 

0730826 

15 

1*6 

3 

BtVI 

P 

1193 

BURLINGTON  VT 

BUF 

425652 

0784313 

05 

052 

3 

GBII  3 

BUF  I 

1005  Ills 

BUFFALO  NY 

BUR 

341153 

1182158 

06 

076 

3 

BUR  I 

1095 

BURBAMC  CAL 

BTh 

355615 

0895647 

17 

175 

3 

bthi 

1103 

BLYTHVILLE  ARK 

BZN 

454700 

1111000 

12 

120 

3 

BZNP 

BOZEMAN  NON 

CAE 

335615 

0810627 

10 

107 

3 

CAEI 

P 

1103 

COLUMBIA  NFT  SC 

CAK 

405538 

0812625 

01 

006 

3 

CAK  I 

P 

1095 

AKRON  OHIO 

CAK 

405538 

0812625 

23 

230 

P 

AKRON  OHIO 

CB1 

383500 

0921000 

02 

020 

CBIP  3 

P 

COLIRRIIA  JCF  NO 

CBM 

333730 

0882530 

13 

131 

3 

CRNI 

1093 

colunbusafb  nis 

CEC 

414700 

1241400 

35 

350 

P 

CRESEHT  CTY  CAL 

CEC 

414700 

1241400 

11 

110 

P 

CRESENT  CTY  CAL 

CEF 

421045  0723130 

23 

226 

3 

CEFI 

1099 

CHICOPEE  AF  NAS 

CGF 

413400 

0812900 

23R 

23* 

3 

P 

CLEVE  CUV  OHIO 

CGI 

371338 

0893420 

10 

100 

3 

CGIP 

P 

C  6IRAR0FAU  NO 

CHA 

350129 

0851224 

20 

196 

3 

CHA  I 

P 

1095 

LOVELL  FLD  TENN 

CHO 

331912 

1114006 

30R 

301 

3 

CHDI 

1103 

WILLIAM  AF  ARIZ 

CHK 

350919 

0975806 

16 

180 

3 

CHK  I 

1105 

CHICK ASHA  OKLA 

CHO 

380847 

0762627 

03 

027 

3 

CHOI 

P 

1117 

CHARLOTVLE  VA 

CHS 

325321 

0800149 

15 

1*9 

3 

CKSI 

P 

1097 

CHARLESTON  SC 

C1C 

394800 

1215100 

13 

130 

3 

P 

P 

CHICO  NUNI  CAL 

CIU 

415303 

0914144 

06 

065 

3 

CIOI 

P 

1093 

CEDAR  RAPIDS  10 

CKtt 

391800 

0801400 

21 

210 

3 

p 

CLARKSBURG  WyA 

CLE 

412502 

0815128 

28R 

277 

3 

CEEI 

P 

1107 

CLEVELAND  OHIO 

CLE 

412502 

0815126 

36R 

360 

5 

P  5 

P 

CLEVELAND  OHIO 

CLE 

412502 

0615126 

05C 

050 

5 

P  5 

P 

CLEVELAND  OHIO 

CLE 

412502 

0815128 

05L 

050 

5 

P  5 

P 

CLEVELAND  OHIO 

CLL 

412506 

0815015 

05R 

05* 

3 

CLEIV3 

P 

1099 

CLEVELAND  OHIO 

CLE 

412502 

0B1512B 

36L 

360 

P  5 

P 

CLEVELAND  OHIO 

CLL 

.  303500 

09b22C0 

16 

160 

3 

P 

COLLEGE  STA  TEX 

CLT 

351324 

0805549 

05 

050 

3 

CLTIV 

P 

1095 

CHARLOTTE  NC 

CLT 

351324 

0805549 

36 

360 

P 

CHARLOTTE  NC 

CMH 

395945 

0825445 

26L 

276 

3 

CMHI 

P 

1095 

COLUMBUS  OHIO 

CMH 

400006 

0825245 

10L 

096 

3 

CBPIV 

1091 

COLUMBUS  OHIO 

CMI 

400249 

086170b 

31 

313 

3 

CMH 

P 

1091 

CHAMPAIGN  ILL 

CMX 

471000 

0882900 

13 

130 

CMXP 

P 

HANCOCK  HO  RICH 
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CNM 

3c 20 00 

1041600 

03 

030 

CNM  P 

P 

CARLSBAD  NM 

COU 

44371b 

1065753 

04 

040 

CODP 

P 

COOT  MUNIC  WYO 

COK 

3u?000 

0015000 

09R 

090 

COKP 

HUNT  CHARLS  WVA 

COK 

302000 

001500c 

09L 

090 

P 

HUNT  CHARLS  WVA 

COS 

304940 

1044255 

35 

347 

3 

COSI 

P 

1099 

COLORADO  SP  COL 

CPR 

423440 

1062610 

07 

074 

3 

CPR  I 

1103 

CASPER  WTO 

CPK 

425440 

1062610 

21 

210 

P 

CASPER  WYO 

CRP 

274540 

0972946 

13 

127 

3 

CRPI 

P 

1103 

CORPUS  CHPI  TEX 

CRM 

302213 

0013559 

23 

230 

3 

CRWI 

1103 

CHARLESTON  WVA 

CSc 

323100 

0045557 

05 

053 

3 

CSGI 

P 

1103 

mbus  GEO 

CSM 

352204 

0991205 

18 

180 

3 

CSMI 

1095 

CLINTON  AF  OKLA 

CV6 

390159 

0044000 

27L 

270 

CVGP  3 

P 

CINCINATT1  OHIO 

CVb 

390159 

0044000 

18 

180 

3 

SICI  3 

CVGI 

1115 

1(  99 

CINCINATTI  OHIO 

CVS 

342230 

1032000 

21 

213 

3 

CVSI 

1117 

CANNON  AFB  NM 

CMA 

444000 

0094000 

08 

080 

CWAP 

P 

MOSINEE  WISC 

CWI 

415000 

0902000 

03 

030 

CWIP 

P 

CLINTON  IOWA 

CYS 

410927 

1044950 

26 

262 

3 

CYSI 

P 

1101 

CHEYENNE  WYO 

DAA 

364314 

0771119 

32 

321 

3 

DAA1 

1009 

FT  BELVOIR  VA 

DAB 

291109 

0010240 

06L 

065 

3 

DADI 

P 

1097 

DAYTONA  BEA  FLA 

DAL 

325114 

0965150 

31L 

308 

3 

LVFIV 

1117 

DALLAS  LOVE  TEX 

DAL 

325023 

096S010 

13L 

128 

3 

DALI 

1103 

DALLAS  LOVE  TEX 

DAY 

395410 

0041201 

24L 

240 

P  3 

DAYI 

lit  3 

DAYTON  OHIO 

DAY 

395410 

0041201 

18 

180 

3 

P 

P 

DAYTON  OHIO 

DAY 

395442 

0041254 

06L 

056 

3 

ATDI 

1069 

DAYTON  OHIO 

DBQ 

422400 

0904300 

13 

130 

DBOP  3 

P 

OEBUOUE  IOWA 

DCA 

305152 

0770222 

36 

003 

3 

DCAIV3 

ASOI 

1099 

io« » 

WASH  NAT  DC 

DEC 

395000 

0005200 

06 

056 

3 

DECI 

P 

1109 

DECATUR  ILL 

DEN 

394744 

1045245 

35 

350 

3 

SPOI 

P 

1001 

DENVER  STPL  COL 

DEN 

394510 

10453S4 

26L 

257 

3 

DENI 

P 

1103 

DENVER  STPL  COL 

DET 

422422 

0030016 

15R 

146 

3 

OETIV 

1113 

DETROIT  CITY  MI 

DPI 

412000 

0042500 

12 

120 

P 

DEFIANCE  OHIO 

DHN 

311900 

0052700 

36 

360 

3 

DHNP 

P 

DOTHAN  ALA 

DLF 

292029 

1004531 

13C 

125 

3 

DLF  I  3 

1LHI 

1103 

no: 

DEL  RIO  TEX 

DLH 

465020 

0921001 

09 

087 

3 

DLH  I 

P 

1103 

OELUTH  MINN 

DLH 

465020 

0921001 

03 

030 

P 

DELUTH  MINN 

DLX 

36561S 

0772736 

19R 

186 

3 

DLX  I 

P 

1113 

WASH  DULLES  VA 

DLX 

305739 

0772611 

01R 

006 

3 

DIAIV 

P 

1093 

WASH  DULLES  VA 

DLX 

305700 

0772700 

A20R 

186 

5 

P  5 

P 

WASH  DULLES  VA 

DLX 

3b5700 

0772700 

A20L 

186 

5 

P  5 

P 

WASH  DULLES  VA 

DLX 

365700 

0772700 

A19C 

186 

5 

P  5 

P 

WASH  OULLES  VA 

DLX 

305739 

0772611 

12 

120 

P 

P 

WASH  DULLES  VA 

DMA 

321107 

1105414 

30 

303 

3 

DMA  I 

1093 

TUCSON  AFBARIZ 

DNV 

363500 

0792000 

03 

030 

DNVP 

P 

DANVILLE  ILL 

DOV 

390052 

0752746 

01 

013 

3 

DOVI 

1101 

DOVER  AFB  DEL 

DPA 

415500 

0061500 

10 

100 

3 

P 

3U  PA6E  ILL 

PRO 

370900 

1074500 

02 

020 

DROP 

P 

1URANGO  LP  COL 

DSM 

413250 

0934035 

30 

305 

3 

DSMI 

P 

1103 

)ES  MOINES  IOWA 

DT« 

421300 

0632208 

27 

271 

3 

DM  1 1 

P 

1005 

1ETROIT  MICH 

DTm 

421401 

0632054 

03L 

032 

3 

DTWIV3 

DWCI 

1093 

llOT 

(ETROIT  METRO 

DT» 

421401 

0632054 

03R 

032 

P 

P 

lETROIT  METRO 

DUJ 
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